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SUMMARY

The properties are studied of a plasma instability that might

be at the origin of the equatorial sporadic E~layer of the ionosphere.

* *

Farley [1] presented in 1963 an explanation of the appearance
o7 the ecuatorial sporadic E-layer by the propagation of a plane unsteady
wave in the ionospheric plasma in tiie presence of the equatorial electro-
jet. This e:xplanation was buased upon the solution of the dispersigg atign
tive to plasma: we indeed obtained from that equation, whose principal

characteristics correcponded well to observations, a stable root, that is:

— the instahility is produced only if the drift velocity |;;e] of elec-
trons ir the electrojet is suverior to a certain threshold w,;

~ w, is of the order of the thermal velocity of ions;

— Wu increases rapidly wihen the propagation direction departs from
the merpendicular to the terrestrial magnetic ficld. ‘

However, all these results have been obtained only in a numerical
a~ad egraphical form; gno analytical e"nre551ons ‘and, more particularly,
no satisfactory pbvelcal interpretation of stability has yet been propo-
‘sed.

This note vresents the results of research undertaken with the
view of filling these gaps.

Yo do that, we have conoldered a plasma constituted of electrons

and of a wunicue kind of positive ions, and we have started from macro-

* Sur une insta*ilitd lide & 1'avrarition de la couche E sporadigue
Aruatoris -le.



scopic transport ecuations coriprising for each of the two kinds of par-
ticles

- an ecuation for the conservation of the number of particles;

~— an eouation of motion;

— an equation of state, identical to that of a perfect gas.

This last hypothesis implies that the pressure p is scalar and
isotrovic, Besides, we shall assume that it is linrked with the density
by 2 law of the form p-{;'. Depending upon whether it is imposed for the
motions to be isothermic or acdiabatic, Y will be taken ecual to 1 or
5/3. In the plasma studied this choice is not evident and may differ for
tke ions 2nd electrons,

This being postulated, the dispersion equation of plane waves of
feetle amplitude is obtained as a condition of compatibility of these
ecuations and of the lMaxwellian ecuations., This method differs from that
of Farley who utilized for describing the dynamics of particles the linear-
ized Vlasov ecuations with a type B.G.K~- collision term.*

For the low-frequency waves considered, the "longitudinal' approxi-~
nation, which consists in assuming the electric field of perturbation ﬁl
parallel to the direction of propagation, thus neglecting the marnetie
field associated with the wave, as perfectly legitimate. The dispersion

ecuation will then be written
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7.(x) is tre angulnr frequency of the electron (ion) plasma;
Q.() is the atsolute value of the electron (ion) angular gyrofrequency;

ve(v)) 1is the collision freguency of electron-neutral (ion-neutral);

Uc(W) is the speed of sound characteristic of the thermic agitation

o1 electrorns (ions);
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&CGGJ is the drift velocity of electrons (or ions) under the -influence

* see add. at the end.



-
oi the static electric field E, associated to the electrojet;

is the angular frequency of the wave considered;

=Y €

is its vector angular wave number; k is a unitary vector parallel
to k; k is the module of flk= Icﬁ);

f is the angle between k and the Larth's magnetic field.

In the L=re;ion of the equatorial ionosphere the parameters Jjust
examined situate themselves as follows :
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Among other consecuences, these inequalities point to the fact
that the electrons are controlled essentially by the magnetic field, whereas
the ions are controlled by neutral molecules by way of collisions.
Exploiting these inequalities it is possible to resolve the equa-
tion (1) in an approximate fashion. For wavelengths > 3m we arrive at
the following results:
— the real part of w is written

>
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with
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In nearly the entirety of tic E-region, A is near the unity;
that is what is admittea here.

— the imocinary pri of w is written, for [ = %/2,

T () 7,
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Let us recall that an instability is manifest fér a negative
value of Im (w) corresponding to a resl value of k. This formula thus
ascertains cuite well the effect of the threshold linked with the situation
of the projection of W. over i relative to the speed of sound in the ion

gas. The thresiold We(vclue of k. . such that Im(9) =0), is equal to

V2w (14 vive [Q:Q,).



—  fp, varies with ﬁ in tire vicinity o;1ﬁ2 as ialleowe @

o~ SZ,.v, V(!. ?
u“_,VAu,[l+-ﬁ;a<§E<+L035)]. (<)

The ratio v./Q. is very snzil, and t-ereiore, forula (5) does imply a
vary rapid veriaticn of #. s~ a function of B.

The agsregate ot tiere formulas points, within the limit of appro-
xirations made, to a geod gualitative and cuantitative agreement with the
Farley results. This agreement is evidence that within the domasin studied
the macroscopic approach is satisfactory. Moreover, it emphesizes the kin-
ship, stressed by Dougherty [3], between the simplified B, G.K. term locally
conserving tie varticles wutilized in the Vlasov eguations, and the colli-
sion term which ic classical in the magnetoionic theory.

The exnrescion (?) allows ancther important raoprochement. Indeed,

the electrons being controlled by the magnetic field, we have

e
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-
vrere i% ir 2 rtatic electric field and B, is the induction of the ter-

rerstrizl me;netic field, As = consecuence,

Q.2 < By (7)
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This expression is no other than that for the drift velocity of
weak ionization irregularities in the ionosphere when an electric field,
perpendicular to the ma;netic field,such as calculated by Clemmow, Johnson [4]
and Kato' (5] is applied . The first authors, having as here carried out a
decomporition into vlane waves, have found that the corresvonding wave was
dampened by diffusion no matter what the drift velocity of electrons.

This dicaprcenent steme from the role of ions' inertia which wes neglected,

It is indeed essy to verify thet for weak velocities ;;J t-eir conclusions
are s ein valid. Recinrocslly, ve find that the inertia of ions plays a
determinant part in the instability mecharism$ in our opinion, the latter
czn not be arrimilated to the two-beean irstability.

This study is pert of a research program undertaken under the aegis
of the C.N,E.S, (National Center for Space Studies)., The results will be
publisned elsewhere at further length,
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ADDENDUM to (*) p. 2.

There is question here of a simplified expression of the term pro-
posed by P.L. Bhatnagar, E, P, Gross and M, Krook (Phys.Rev. 511, 1954) to take
into account the collisions., To be more precise, one defines a collision fre-
cuency independert from the velocity and one writes the collision term of the
Boltzmsnn ecuation in the form:

> >
wEED| =530+ a5 7, ) d50 femies ().
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